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#SI 2002-333208 ^-v: 

[mm^f mmm • • ... 

mmmmm] 

. 2 5 or^7 5 o-c^^^oiaj^-e. -rikm^n±.Kmmt^)yt^^t^mi<Dt^ 
ifl^^^-fb^tft y^^i\:^mt^%m^^m.m^Wi^L. i o o o r^^ji 

2 0 0 °CJ=y.TO?SJgT% Hg|S^2(7)#B^B«e±i;p?F^'; ^^fbia^MB^HS 

o 

[1**^2] ^ 1 s.<^'^2X#it;i3v^-r, 2 m± 5 0 mT^ov/iiut^-e 
#^B^BK®^^^a^ft$-^^-<h^#ijfi:l-^if*]^ncfE«copff^'; ^^m^m 
B^Bii<^i^di:^-^o 

[W^^5l ^3XfI{C^v^T. 6 0 0 2 0 0 0 mTOV/IIIJt^-e 
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#SI 2002-333208 ^-vl 2/ 

[fi^^:^7] nsxfinisv^-c. 1 0 0 0 t:m± 1 2 0 0 "cmTo?ajt-e 

im^ms] m^mi ^^i^m^m? tx-(o\^^-rti7!)- imi^tm(D p'jf^^v > 

fli,^ 2 nmm±5 0 nmiikT'C^^^t^mWit-r^m^^SXitm^^9liZ 

•bit 1 0 1 T'(7)v^-f 1 ^Ktm(oit^m^^wmi'o 
[0001] 
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#SI 2002-333208 ^- : 

[0 0 0 2] 

^•f n/-<>r h 9 > ^ (H B T) CO nff^-x <,yi5'(emitter)g 

P nS^M:^^ (Si) icl^ffi?lfe<7);5cI^^^^5ti$-<i:;5,/zi6<7D.^. (wind 

ow) mmtLxmm^^x\^^:b (#^#K^:J:m3#Bs) o 

[0 0 0 3] 

t:ihx\ ^.mw)yimmx^t. mT-tcit^LriE^L (hole) (Dmm 

1#BS) „ ^tLt{ij|&tz, AlxGaylnzN (0^x> y> z^l, x + y 

+ z = i) ^(T^iimM-ffcj^iti^^T-ti. nfM^mm-^'Ja'ommizMm.^fi. i& 
. m^i^. nmimmim^^mi^m±^^. a s-g r o wn^a-ci&^gtjtop 

[0 0 0 4] 

mmx^ofzo 

LT m^kf. V'-K^ > {1^=^'^ :B2H6) t^^Tsy^y (:53^T-^ : P H 3 
) ^W.^t^i>^^^ K9-f K^'IS^S (hydride VPE) mi)^%hnx 
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#11 2002-333208 v : 4/ 

I^S^ML^v^i^^fetOB n P (7^n^l0) <7)$p < (7)i8^^M#;6^'>^^$ 
T L t ©^^^^^(T) p i; yitmmi^^um =^^^ Lrt# ^ nnv^ i 1 1 ^ o T 

^ (#^#lt^m4#HS) „ 
[0 0 0 51 

1 ] 

2-288388 

mm^-m. 1 1 

tf- . (P. POPPER) "Boron Phosphide, a III-V Compo 

und of Zinc-Blende Structure" . (^S) s (Nature) ^ 1 9 5 7 

^^n2bB. 4569 p. 1075 

• Z^-if- (K.Seeger) LiJ^ S-^I-IR. rt?a^li»6 1 

. -b5 n>^-^^-<7)ifM^ (T) J . ^ijsij. m -^mmm. 1 99 i^e 

^25 B. p. 507 

^fj'^ ^'^-j-fj (Takeo Takenaka) "Diffusion Layers Forme 

d in Si Substrates during the Epitaxial Growth of BP and Application to 
Devices", (^jtBI) , v-v-^;u i7 Y u ^ ^ ij )V y-^-^T-^ (J 

ournal of Electrochemical Society) , 1978^4^. ^125^, ^4-^ 
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mi 2 0 0 2 -3 3 3 2 0 8 ^- v : 5/ 

<■ 

, p . 6 3 3 - 6 3 7 

i±if jSMi^. [^mmm^ (±) j . 9jsij. (it) 

. 1 9 9 2^6 n 25 B. p. 76-77 
[0 0 0 6] 

[|§0^7&^'M;* L J; 9 1 -r -6 mm] 

[0 0 0 7] 
[0 0 0 8] 

( 1 ) mm^mit^mtv :^^^i\:^mt^%mf&mmmi<z'mmL. 2 5 or® 
7 5 0 v^m(Dumx\ rmm^a±i<zmmt > <h ^^t;-^ 1 m^^Bnm^%m 

#&L. 1 0 0 0 t:i^_t 1 2 0 o'Ciy.T<7)ajtt:\ pffi^ 1 m^^mwm±.\<mmt 

>-#^^b^tJ^ ^^ffi^SflittC'^lt 7 5 0 °Cm± 1 2 0 0 t:J^:J.T<7)?SJtt:' 
[0 0 0 9] 
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#11 2002-333208 ^-v: 

< 

(2) ^l25.t;^^^2 3:fItCi5V>T> 2.Jiil±5 OmT<OV/IIIJt^T'#^B®e^^ 
x.^V/'IIIJt^T% ^20#^H^H^;i^^tiJjfeft$-iJ:^i<h^#t!^2:-r'2) (2) 

(5) ^sxfitciov^T. 6 0 0 j^:jix2 0 0 0 JiJiTm/iiut^-epff^'; >M 

[0 0 1 ol 

o 1 /:9>T'^-€: ) O Jt^ tlJ: i9 lb ;z, o 
[0 0 1 1 1 

(6) T*|§H^H:6qimMibtJ^3»#^^'b^^-<?:4-#i!ct-r^ (1) (5 

(7) ^3XfItC:j3V^T. 1 0 0 orJ^Xl 2 0 0rmT<7)?aEt:\ pf^'J V'^b 
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#SI 2002-333208 ^- v : 

< 

[0 0 12] 

(10) Hrrlfi^ 1 m^^B^m^XfmU^ 2 O^b^bM® 60e;?;6^'v^-f tt . 2 n m 
\^X±.^Onm\^Xyx-^^Z.t^mmt-r^ (8) X(i (9) tifa«c<7)'fb'^J^^S 

(1 1) TmH^H/?'^^nff^iiimsft:J^#'m75^f>=^f}. t^iSb^h^ pi^'; ><M 

^^SalStlct^p n^^«iS*^1-^^t*#^t1-^ (8) (10) tT' 

[0 0 13] 

(12) (1) ^-h (7) *T'<7)v^-ftL>6-l^t::fem<Opff^U ><bi!I^^B%^<^ 

(1 3) Tgp^^y mt. ^itmt^ mmtvyt^^ismim^^^mmt:^ 
mmt v^t i:^ist^iz. ^tihm^<Do ^mm^it^mmmiznmz-^ism 

x^j::hmm^^mx.fz^timwLt-t^^itr4 1- k\ x$)^o 

[0 0 14] 

'^^fo. w^Bnm<7)mmii. mx.i£. mmmm^mwcm (tem) n^ic^i^ii 
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#M 2002-333208 ^- v : 

< 

(7)<b^4f^6tJ^la^J:b^{i^ (Auger) mj-^^lli^Km 

[0 0 15] 

[0 0 16] 

^^^Lxmmir^:itimmLfzi>(Dx^^:^\ mzrmm^BtLxumm 

10 0 1 7] 

IxGaylnzN. O^x, y, z^l^ x + y + z = l) ^i)^McWt^\Z^^f 
G a A s) . yitif') : G a P) . m.Vcif') ^A (G aN 

) ^<7>iii-vi^<b^tJ^^#^*tH^H> miK^VT^r («-Ai 2 0 3#*tB^B 
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#SI 2002-333208 ^-v: 

linm mx.ii^ m.m^y-\^y^'\^fznMm.itif')^-^^ (caN) m) 

^200, im . p . 317 #BS) o 

[0 0 18] 

. 0 1 ;5:^/^2 c7)#^g^K®{±v^-rtt^), 13^ (B) <h';> (P) ^^-^trU/J-^ 
BP) . V Xb?!^ • A (a^a^B xGai-xP> 0<x^l) . >;> 

'IbW • >v'^A (a^^B xini-xP. o<x^i) . 'j >^i:t;i^^ - 

•^^A . la^ («^B X A 1 1-xP^ 0<x^l) 'omff^-T^o 
[0 0 19] 

[0 0 2 0] 

(m Ko^^Bm^ fm-r^xm (^ix^i) ) 
Tm^^B(Dmmi<zm^Lxmf&^ti^mio^^^BMmii. rm'^^mt pm^j > 

^\:mm^^Bmt(Dm<D^^^^^-7y^ (mismatch) ^m^^lT hfzibKm. 
fi. R-D<7.y^ y hm^iy^t'^t^j:\^^pMVy^mmm^Bm^fmir:h:zt 

mit^m {')ywM) t^%mm^mmzm^L. 2 5 o 7 5 o "c*m<7)s 
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#SI 2002-333208 ^-vl 10/ 

^^^^m^itm^^mmM (mocvd) . nm^bw (^t-^: bc 1 3) 

halogen)'^. vjJ^'^ > (55*^^ : B 2 H 6 ) ^<7)iB^07K*<b'^tf^iB 

m 1 (D^^nnmi2 5 o ? 5 o x:*it<^?ajgtr^;ii^ft^-ii-^ tcti, m 
<Dum i}^2 5 o°cJiJiT-r-{±. mmw.mjkrf') yw.'^A(oni6Ymi3^^6f\^m'if^-r 

^ o 

[0 0 2 1 ] 

^K^^NH^aKSti, V/IIIit^^fSJt^i: LT^^^ft^-ii-^i:. mm^<M 

fi. V/IIIit^^2J:^±5 OOTi:i-'2>^<h;6^'^S Lv>o ^M'^i: LT 

yNn^-vK;^^^^^^^;^^ L. i^fl-^ LrH:fe«^ ('fb^^ I BB r 3) 

Hm<b';> «b^^: pc i 3) ^fflv^^j^-^. v/iiijt^tii o^ijR<hi-^i 

tmi-t Lv^o 
[0022] 
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#11 2002-333208 



[0 0 2 3] 

m i(o^¥^BMm<Dmmi. 2 nmm±5 0 n mUkr tt ^ ^ tm'i-t l\^^o 

tfz. m\(D^^Bm.m\t. m\m¥^Bm.m^ft^m.-t^m<DT^m^B(^m6^m^ 

mw-r^mmummtLxo^m^i^^-fhi^K nmix±tm<'r^^t 
K^y)^ ^^^-^mm^^'^^Lx^m^ft^o ^itmrnz^ rm^^BtLx^ 

m 1 <DW^BMm(Dmm^^m^n7^tir:hiM^KMmx$>^o ^^is. m 1 <o^¥^bM 
m<Dmm^m<-r^m. rm^^B<7)mm^Mm t Lx<Dmm:^mwz^^z^m^fi 

mm:d^5 0 nmmxii. m i(D^^BMm<D^mzM^m^Bm^±^^tifz 

[0 0 2 4] 

im2(DW^BMmif^-^ir^xm (^2x^1) ) 

m 2 mp^BMmit^ p t^u yimmm^mm ^ i> tzh-ttzubo^mmm tLxm 
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m% 2002-333208 ^-i^ : 12/ 

[0 0 2 5]' 

ftft=^$^ffiLT^^v^^^ ^m^ijm^(om.^.-^^hiim^:dmtL^.^o ^^^^ 

^^ffi^ft-^^JM-r^it^t^fi. (B2H6) />i^^-7^> 

(PH3) /7X^ (H2) .^^^^ m-e^lO#B^HK;i^^ft^-iJ:7t:m. 
MO CVD^ffi^ft-^T-^ 2 <7)#^B^@^ =^?l^^1-^ ^fc h\ iiM-^S^^^-iir*^^ 

[0 0 2 6] 
[0 0 2 7] 

0 2 (^#B^HSg<^^J^zajg{±. 1 0 0 0 rj^i 1 2 0 0 t -t^ ^ i: 

2miF^snm^'^mLXfmir^:it:^^x^^o ^is. TMISe^H^t^fi^l 

. 1 0 0 ot:m_L<^i«?a-tr^2<7)#^B^H®«^^MLr^). rmm^m<7)m^mim 

[0 0 2 8) 

^2C0^N^HKe*Sg:M-r^^<7)$fii'S:V/IIIJt^{i. ^ 1 O^^e^g®® ^|Wl;t». 
2JiJl±5 0mT-e*>i);6^ ^2 0#^^BK^O$fiS^^MraS(i^lO^H%®^J: 
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mm 2002-333208 ^- v : 13/ 

[0 0 2 9] 

^ 1 (D^^^eMm tmc<. m2 <Dm^B^m<Dti-m^j:mmii 2 n mm± 5 0 n m 

m^^tzib. mi. m2(D^^Bnm<D^^\,zx.hmi-m^'mM<o^itu^(Dmm 
(omm^hhi^m.mm^fih'{,<D(D^ mi. m2<D0^BMm:^^7r=B<7)pMmr-^ 

[0 0 3 0] 

m2m^^BmMiL\z\t. %2(D^^Bmm(o\t^wmwM.^^\>'fm^^'<:. m 

ir^j:t>ib. ^t^mmts^izmmimmz^^v >:^^^^Lfzm.^<Dm2m¥^BMm 
±iza. pmv ^y'imm^^Bm:^m^i<z:b-<:>'^^Lxf^^m^^^^tt^£^o 

[0 0 3 1 ] 

p'Bv^^mm^^Bmii. mi. m2m¥^BMmtmm. mm^^it^m m 
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mm 2 0 0 2 -3 3 3 2 0 8 ^- v : 14/ 

pff^v yitmm^^Bm<Dm%umt Lxit. 1 5 0 t:m± 1 2 0 ot:j^:iiT^^^$? 

t Lv^o ^ /c. T:Nfel§H^BOMiw J: o T{i 1 0 0 0 t:Jii.± 1 2 0 0 °CJ'J.T;6^^$? ^ 
Lv>o T%ISB^B75»^^S^^*SB^B^<7):#^tC(i 7 5 0 "Ci^Jli-e ^ p ff^V ^'fkifl^^B^B 

J^a^bt;¥«#^^fflv^;i>j^^tr(i. 1 0 0 o°cm±(7)i^^a7e>^^j^^^-e^)-i>o 

. mMiajK;6si 2 0 0°C^-r(i. B i 3 P 2 ^'5>iS;tt;6^'ab'5> 

0 mr ^ 1" -2) - i: * L v^o 
[0 0 3 2] 

H^aS^ff^^-e^^o 'e^flx.{f\ hv^f^>'Hfl* ( (C2H5) 3B) 

(PH3) /7fc# (H2) ^^MOCVDftlcJ; 1 0 2 5 ^T'^M^^f x.(S\ ^ 
T (IE?L) ?tJt2 X 1 0 1 9 cm-^nm. mmsx 1 0-2 n • cmS 

S(0'fg:jm<7) p xm^ish^hB ^ t > k - yxfrn-r ^^t :^^x ^ ^ o 

t>6^'-ei$fiST-^^>6^ (s i) ^(Dpm^mmimmLx^ pf^vy^m 

s^gtc^tf y'lmmm^BmxiipMr^^mt \^xwM\zy^m-t^tz^. -tt^ 
v-\dy^^i-^zti,zX'oxmm(Dv yimm^^Bm^^M^x^ mm(o f 

-\£yifmtLXkt^ S iH4) . {^^^ \ S i 2 

He) . mm.im.m (^^^: s i H4) ^o/An^'><bS^<b^t;7!>^^#tf'btL 

. S i 2 H 6 - H 2 '{^^■^'^^(^'{^^^"^ ^m^^^^ti>X^^o 

TfPfflL. r^'^i-f^ (acceptor) ^m^Wt^ffift (compensa 
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#11 2002-333208 ^-vl 15/ 

[0 0 3 31 

^amif^j^ir^mf^^umLfz<Dx\ mmw^^B±i^zm^^tiir\ mx.ii\ iii 

m (^M¥Stt) tc^^tLfc^><7)t^^o ^^tc. «)i^RS (stacking 
f a u 1 t ) (twinning) ^#tr^<7)<7), |^g|5{C{i ^ ;^ 7 

[0 0 3 4] 

m^m-t^'it^m^m^m'f'^mMi^m^-r^^t:d^x^. ^mx^^ho ^mm 

[0 0 3 5] 

it^!^^m^m^tLXii^ |§7fer^:t-K (LED) ( 
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#11 2002-333208 ^- -J I 16/ 

< • 

^<^^ytm^^j:'irnMMitT)\^^~^,2^-iX'}^A (AlxGai-xN. 0^ 
1) ^-h^j:^nm (barrier) Mt^M') yimm^^m-b-hi'j::h^ 
^ -y K (c 1 a d) Stop n^-^ltit^. nl[mitti ^) ^ A • y( y ^ A (G 
axInl-xN^ O^X^l) i: p f^'J ^^bWlte^H^ <!: O p n^-^tSit^ffi 
lrtlt#^^<h7&^^-e^. ^^xm;o-r^-i)lL#ttti'ffitL^I§^y^:^-- K (LED) 

^mMm.^m<Dv-^r^:^-Y (ld) ^^^^i-^^tT&s-e^^o M 
u-^^m 3 . 0 ev^m^^pM') ^MmmB^Bm it. l e d <7) p ^ ^ 

[0 0 3 6] 

Op nm^m^^^-f^ p n^'^M2m^® (double hetero)^ 

^mm(7)§tytv^ir-v (LED) ^^jittfco mMLrzLED<Dmmmmi^m 

1 icti^e^tc^i-o 

[0 0 3 7] 

X^lOltLTti. (P) K-:/nf^ llll} -S^^^B^a^fflv^fc 

o (i D«6tC. 1 0 1 <7) 1 1 1 1 f mmiz. h V :r.^)vmm ( (C 2 H 5 ) 3 
B) X^^^y^y (PH3) /tK^ (H2) .^^-ffi-Ji (B&v^^BE) MOCVD-/£(; 
J: «9> 9 2 5rtCTT> V-y°<DnM') >immmyb-(^^£ ^T^^ y y m 1 0 

2 ^Mffi^ft^-^^tio TSU^ ^ 1 0 2 *=^-t nff^i; ^'fbll^^ti. 
S^it-^'K^&i-^l^l^-OjgJ^Jt^. fiP^. V/IIIik^ (=PH3// (C2H5) 

3 Bitm) 1 . 3 X 1 0 3 <h LTff^^L/io tfc. -eogj^ti 3 0 0 n m .h 

^ir T^iSti 1 X 1 0 1 9 cm- 3 <!: L/Co 9 l^LTffM^^^t: 

TSBi^ ^ 10 2 <^Ma-e<^^ih=^ipl(if^j 3 e Ve^bo/jo 
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2002-333208 ^-i^ : 17/ 

[0 0 3 8] ♦ 

^v^-e. TgP^9 1 0 2±ic, h >>A ( (CH3) sGa 

) /T>-t-T (NH3) /tK^ (H2) x^^M (H&;^^I±) MOCVD-StCct 
19. 8 5 OVl^ZXmmi 0 nm<7)^7lDii 1 0 3 ifmLfZo 1 0 3 (i. 4 

^v-^A (In) m.mit (=i-x) ^is.\^^\izm^-f^^^<omi)^h^j:^^m ( 

mul t i-phase) %^<r> nli^m.itif') • A^yV^-U (G a x I n 1 
-XN) I^B^tcJ: ^^tt^LTto MMmT-M« (TEM) ^fijffl L/jtu^^m 
^«-<b. ffML/jH^® 1 0 30^:^6<j>t-f ^v-^Aa^Jt (=1-X) {±0 
. 12 (12%) t^ibh^tzo 
[0 0 3 9] 

^ffiijKSfM^o h >; ^ ^)vif') AO'§fc#^^#ih Lx^ytm 1 0 3 o^jji^ 

ft^ll-T$-<i-7tm> T>^^T (NH3) t:^mt<7)i^^mmMiH'C:m^l 0 1 
4 5 OVtX-m^^^'^fZo m^^k. 1 0 3±iZ^ (C2H5) sB/P 

H3/H2.^^#iEMOCVD-^ilct i9. 4 5 OrtCTT^ K-7'<^'; ^-fbiS^^ 
75-^^^^ 1 <7)^^e^BK« 1 0 4 ^ff^j3S:L7t:o ^1 <7)#^B^B«® 1 0 4 (i. Wm^^t 
^m^mKm^t'ri>fz»b^ V/III (=PH 3/ (C 2 H 5) 3 B) itm^ 1 0 

(C2H5) 3B<Dmi^^W'±Lxmi(7)$¥^mMmi 0 4<d 

. 0 1 ^ 1 0 2 5°CtX^U^-itfZo 

[0 0 4 01 

^IZ^ mK^W^mMmi 0 4±K^ (C2H5) 3B/PH3/H2^'^EEM 

ocvDrStict 19. 1 0 2 5t:fcTT> K-y<7)'; >'fi:ifl*e/i'^^^-5>^2 

^mMm 1 0 5 ^f^gicL/jo m2m^^Bnm 1 0 5 o^^fflfiKftBtm/nut^a 1 

mmmmt Lfzo tfz^ ^(Dmmai 0 nmtLfZo 
[0 0 4 1 1 

m 2 m^^mMm 1 0 5 (D^^m&^^^T Ltz^^k. (c 2 h 5 
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#11 2002-333208 -^-vl 18/ 

9 0 t^j:'imi<zma^^fcd m^x. ,^2m^^Bn.m \ o 5±ti. (c 2 h 5) 

ff^v yimm'i^^Bmi)-hti:^±.u^ ^ -y 1 0 e ^mji^Ltzo ±.u^y y vm 

1 0 6 0/i)?(i6 00nm<!:L/io 100 Ot:^Oi^fiT-C\ ±E<^$P < V/III 

»^fi^i;il3*^m?§t::'^tf ^<7)^7^ofco tfz. icojfoa^cT).-}^-;!/ (Hal 
1 ) ?*mvit;-Cr|iJ^$n^MS-e<^^-Y >; T (iE?L) ftftS(i2 x l O 1 9 cm- 
3 . 5 X 1 0 - 2 a • c m-e^b ^ > '(g:SfcL<^±gPi^ 9 y Vm ( p 5F^'; > 

^^B^ft^it^O (C2H5) 3 B<7)^|&^#ihLTs ±^i^^-7K^10 6 

vfz^ik. p H 3 H 2 t(Dm,^w^m%^-^\ 1 0 1 6 0 0 

[0 0 4 2] 

J: 9 LT, mm. 1 0 1 TU^ ^ -7 Kg 1 0 2 ^itM 1 0 3 
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